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LIVE VACCINE FOR COCCIDIOSIS UTILIZING COCCIDAL SPOROZOITES 



i nis invention relates to methods of vaccinating warm-blooded animals against coccidiosis disease and 
compositions therefor. 



Biology and Life Cycle of Coccidiai Protozoa 

1 . Coccidiai protozoa may infect and inhabit the gastrointestinal tract of most species of warm-blooded 
animals, most often and most seriously when the animals are penned or In concentrated groups. For the 
most part infection occurs with coccidiai species specific to the animal host species and more than one 
coccidiai species may infect a given host animal species. For example, seven major coccidiai species are 
known to infect the chicken. 

The life cycle of the coccidiai parasite involves several complex stages. Under natural conditions the 
cycle begins with oral ingestion by the host animal of excrement from another animal of the same species 
having sporulated oocysts dispersed therein. The sporulated oocyst shell then breaks down by action of the 
digestive system of the host animal. For example when the host animal is a chicken the outer shell of the 
sporulated oocyst is broken down mechanically to liberate first the sporocysts and finally biochemically to 
liberate sporozoites which are the ultimate infective organism. Other stages in the cycle which follow 
redevelopment within about 7 days include schizont I, merozotte I, schizont II, merozoite II, gametocyte, 
gamete and completion of the cycle with oocyst formation. 

More descriptively, in the instance of the chicken, natural infection with one of the important species of 
Emeria, i.e., Bmeria tenella begins with ingestion of an overwhelming amount of the sporufated oocysts. 
Each sporulated E tenell a oocyst contains four sporocysts and each sporocyst contains two sporozoites. In 
the stomach, the sporulated oocysts rupture, freeing the sporocysts. The sporozoites are liberated from the 
sporocysts by enzymatic action and pass down the digestive tract. Each of the sporozoites eventually reach 
the cecal pouches where they enter epithelial cells of the cecal mucosa and start an asexual multi plication 
cycle. The details of the completion of the life cycle referred to above are well known in the art 

The rationale of vaccination with live sporozoites in the present invention, is to set up a low level of 
infection (subclinical) during the first few days of life of the animal, e.g., a chicken, without slowing down the 
performance of the animal in terms of growth. The subclinical infection, thus established induces immunity, 
while the host e.g., chicken, has the advantages of passive protection afforded by maternal antibodies. The 
maternal antibodies also help to down regulate infection, thus helping to decrease unnecessary parasite 
buildup in animal houses, which is critical for the success of a vaccine since the degree of severity of 
disease is directly proportional to the numbers of sporulated oocysts ingested by the host from Its 
environment Under field conditions chickens, e.g., have their maternal anltbodies reduced to very low levels 
by the third week and hence become susceptible to the parasite, if their immune system is not primed by 
vaccination. Without vaccination the challenge encountered by hosts is frequently devastating, especially to 
concentrated populations of animals resulting in dBath or illness and/or poor development or growth quality 
and subsequent economic loss to the animal grower. 

UK. Patent Specification No. 2,008,404 describes a method of promoting the growth of poultry by 
feeding viable sporulated oocysts of coccidia to poultry. Similarly chickens have been said to be immunized 
against cecal coccidiosis with viable sporulated oocysts in the disclosure of U.S. Patent 3,1 47,186. 

An immunogenic composition for oral administration comprising live encysted protozoa such as 
coccidia is described in British Application 2,1 44,331 A wherein encysted sporulated coccidiai oocysts or 
encysted coccidiai sporocysts embedded in a firm gel matrix were fed orally to the host animal such as a 
newly-hatched poultry chick. Gels based on alginate were used for the matrix. 

Sharma, N.N. in The Journal of Parasitology Vol. 50, No. 4 (1984) pp. 509-517 describes unsuccessful 
immunization trials with sporulated viable oocysts of coccidia or with an impure mixture said to contain 
sporozoites along with oocysts and sporocysts of coccidia administered -to chickens, orally, intravenously, 
intraperrtoneally, intramuscularly or subcutaneously. 

Since the severity of disease is directly proportional to the number of sporulated oocysts in the field 
available for ingestion, existing vaccines based on either feeding sporulated oocyst or feeding microen- 
capsulated oocyst have limited utility for the broiler chicken industry, in that the high numbers of oocysts 
available for ingestion from day one often causes severe infections. As a result, the use of oral vaccines as 
such often necessitates the use of anticoccidials. Therefore the use of sporulated oocysts as live vaccines 
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have limited application. Additionally, sporozoites are ineffective in producing an infection when admin- 
istered orally to chickens. 

Heretofore unsuccessful attempts to create immunity with unprotected sporozoites by systemic in- 
noculation have been made by Sharma, supra., where attempts to create infection with sporozoites have 

5 been confined to use of freshly excysted sporozoites inasmuch as methods have not previously been 
available to keep the sporozoites alive longer than a few days under refrigeration. Consequently vaccination 
using sporozoites was impractical commercially. 

Therefore according to a first aspect of the present invention there is provided a composition for 
vaccinating warm-blooded animals, such as fowl and in particular chickens, against coccidiosis disease 

ro comprising an optionally microencapsulated suspension of live excysted coccidiaJ sporozoites in aqueous 
medium, physiologically balanced with respect to isotonicity and pH, and containing at least one water- 
soluble viscosity enhancing polymeric stabiliser. Such compositions may serve to prolong the viability of the 
sporozoites. 

The sporozoites are usually Smeria sporozoites, such as those of the species Smeria tenella. 
75 The polymeric stabiliser is preferably a hydrosol, gel, gelatin, cellulose, cellulose derivative, polysaccha- 
ride gum or alginate. Sodium alginate is particularly preferred and in the case of microencapsulation, the 
sporozoites are suitably microencapsulated by calcium alginate. 

According to a second aspect of the invention there is provided a vaccine comprising microen- 
capsulated excysted coccidial sporozoites. * As in the first aspect the sporozoites can be Eimeria 
j; sporozortes, such those of the species Smeria tenella 

The sporozoites may be encapsulated by polymeric stabiliser such as hydsrosol, gel, gelatin, cellulose, 
cellulode derivative, polysaccharide gum or alginate but particularly preferred is calcium alginate. 

A third aspect of the present invention relates to a veterinary composition comprising a composition or 
vaccine in accordance with the first or second aspects and a verterinarily acceptable carrier. 
, 25 A fourth aspect of the present invention concerns the use of optionally microencapsulated coccidiaJ 
sporozoites and at least one water-soiubie viscosity enhancing polymeric stabilizer in the preparation of a 
vaccinating agent The use extends to vaccination of fowl, in particular chicken, subcutaneously such as in 
the back of the neck. 

A fifth aspect of the present invention relates to a process for the preparation of a composition or_... 

30 veterinary composition of the first and third aspects, such as a composition for vaccinating warm-blooded 
animals against coccidiosis disease, comprising admixing a suspension of live excysted coccidiaJ 
sporozoites, water and at least one water-soluble viscosity enhancing polymeric stabilizer, wherein the 
sporozoites are optionally microencapsulated. 

A sixth aspect relates to a process for the preparation of a vaccine in accordance with the second 

35 aspect the process comprising microencapsulating the sporozoites. 

A preferred method of this invention of microencapsulating by finely dividing a suspension and 
hardening the water-soluble polymeric stabilizer to enclose a physiologically balanced suspension of 
sporozoites may provide time flexibility as to when the vaccine must be used, since the lifetime (in terms of 
viability and infectivity) of the sporozoites may be extended up to at least 5 weeks. A second method of this 

40 invention of using water-soluble polymeric stabilizer, preferably a water-soluble alginate salt to suspend 
sporozoites in a. medium physiologically balanced with respect to isotonicity and pH may extend the lifetime 
of the sporozoites for up to at least 2 weeks and thus also may provide time flexibility as to when the 
vaccine must be used. 

The invention encompasses microencapsulated excysted live coccidial sporozoites suspended in 
45 stabilizing carriers which may greatly extend lite expectancy or sherf-frfe of the sporozoites. More 
particularly aqueous compositions containing water soluble polymeric stabilizers, and physiologically bal- 
anced as to isotonicity and pH for ail components which are used as suspending medium and carriers tor 
the sporozoites. T7ie water soluble polymeric stabilizers used may be classed as gels, gelatins, cellulose, 
cellulose derivatives, and polysaccharide gums, especially water soluble alginate salts. Preferably these 
so sporozofte suspensions containing e water soluble polymeric stabilizer are first finely divided and then the 
surface of the particles is hardened to form microcapsules leaving an internal suspension of sporozoites in 
the stabilizing aqueous medium. 

The technique of microencapsulation of sporozoites used here may not only provides a practical way of 
vaccination of chickens when they are handled on their first day of life, but also offers other advantages, 
S5 such as, e.g., avoiding build up of oocysts in the animal yard or pen which occurs both during vaccination 
as well as afterwards due to parasite multiplication in the host when live oocysts are used commercially, 
i.e., spread in the yard or pen or used in feed to innoculate, and thus avoids eariy overwhelming challenge 
due to that source of oocysts. Use of alginate suspension and microcapsules containing suspensions of 
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sporozoites. in contrast results in much slower and lower levels of oocyst buildup underfoot 

The invention also encompasses a suspension of excysted coccidia spcrozottes, phs. 0 logi<*lly bal- 
anced with respect to isotonidty and pH, cpntaing sodium alginate in solution, and having a viscosity n the 
ranae of from 100 to 400 centipoises at 25 . ^ 

The sporozoites of Bmeria species once out of their protective shells, i.e„ oocysts and sporocysts, are 
very fragile and lose melTWedivlty within a few days. This invention is based on the d.scovery that Etaena 
sporczoites can be kept alive for at least 5 weeks by microencapsulation and that the longevity of hve 
encysted sporozoites can be increased to at least 2 weeks by addition of buffered equeous suspenses of 
the sporozoites to solutions of water soluble polymeric stabilizers including sodium alginate. ^ microen- 
capsulation of live sporozoites provides a buffered viscous aqueous medium tor the parasite consisting of a 
solution of water soluble polymeric stabilizer, said stabilizer preferably being sod.um alginate The 
microcapusles containing the aged sporozoites can be administered to baby chicks ;K esta W,sh sub eta* 
infections thereby vaccinating, against any future overwhelming challenge of E. tenefe *"£ 
effective vaccination of chickens substituting other species of cocad.a naturalto the chicken andsimHar 
vaccination of other animals including poultry substituting viable excysted coccid.al SP°™*»S 
to the animal species are reasonable expectations. Similar effective vaccinator* with 
sporozoite buffered suspensions containing the water soluble polymenc stabilizers are also viable compose 

t0 " Purified, excysted Hve coccldial sporozoHes are first obtained in a suspension of isotonic buffered 
aqueous solution by known procedures which involve mechanical, chemical and enzymatic breakdown of 
sporulated cocddial oocysts and sporocysts to remove the sporecase covers therefrom followec I by 
chromatographic purification. Isotonic buffered sporozoite suspensions are added to solutions of protective 
agents (isotonic buffered polymeric stabilizers) which delay the death of the sporozoites and mereby extend 
tit length of time the sporozoites remain viable in storage, such suitable protective agents bein , selected 
from hydrccolloids, gelatins, cellulose, cellulose derivatives and polysacchandes. especially alkali-metal 
aloinate salts. Preferably the suspension so obtained is finely divided as a spray and mixed with hardening 
agent to give microcapsules which surround or contain the suspension of live excysted sporozoites .n 

isotonicaliy buffered medium. J 

According to tha vaccination method of the invention, the isotonic buffered s P orozo.te suspension 
containing the protective agent microencapsulated or unencapsuiated. is ^ n }^^ n ^ p b '^ 
animais to protect against severe damage to intestinal organs due to ove^helmtng chaJleng^ .of cocc^ 
oocysts. The microencapsulated preparations may be stored for at least 5 weeks. Although the preferred 
method is microencapsulation, the unencapsuiated preparations may be stored for at least 2 weeks jbefore 
using when kept refrigerated but not frozen. Young animais, are treated with prepares prying 
quantified number of the excysted microencapsulated sporozoites appropnately chosen for the animal 
soecies involved. While any route of administration may be used, the subcutaneous route such as m me . 
back of the neck, is preferred particularly tor fowl, for example chickens. Vaccines and compositions of the 
-present invention to.be administered to warm blooded animals preferably sterile. - 

Certain terms used in the present discussion should at this point be mentioned to avo.damb.gu.ty o 
their respective meanings. Thus the following definitions are provided to clarify the scope of the present 
invention and to enable Its formulation and use. - . 

An "oocyst- is the dormant life-cycle stage of the cocddial protozoa having a tough outer coat Jn its 
initial formation the core of the oocyst is in an immature state not having as yet elements irf ntadw 
capability and may be referred to as an "unsporuiated oocyst" Such "oocysts are found in the gut of 
4s animais prior to elimination or on the ground just after elimination. 

A "sporulated oocyst" is an oocyst which has undergone biochemical maturation brought aboirt 
naturally or artifically under certain temperature and oxygen exposure conditions^ One common a^aal 
sporuiating condition is exposure to dichromate solution. During maturation a mutt.pl.crty of sporocyste 
each within fts own case or shell develops within the outer case thus becoming -cysts wtth.n a cyst h the 
instance of the chicken, e.g., E tenella, have four separate encased sporocysts wlthtn the outer shell after 
the oocyst have undergone FpoTulation. Live sporulated oocysts are commonly referred to as viable 
sporulated oocysts." 

-Encysted coccidial protozoa," -encysted oocysts" and "encysted sporocysts" all refer to organisms 
which are within the cyst or have their own natural shell or sporecase. 

Each sporocyst shell surounds the ultimate infective agent the "sporozorte. In the .nstance of E. 
teneila each sporocyst shell encompasses two sporozoites. 

The term "excysted sporozoite" refers to the live sporozorte from which the protecting shell of the 

sporocyst has been removed. Excystation occurs naturally by biochemical reaction but .s accompl.shed. for 
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u ■ m =thnr< of this invention by homogenization of 8 suspension of pure 
use of the excysted sporozoites, ,n the £ ^ ^ a solution of trypsin and 

sponged oocyst, centreing to « purification using anion exchange 

taurodeoxyeholic acid in Hank's solution . ^ ^Zt^s rt obtaining sporozoites. as described herein 
chromatography as described more fully infra. Methoos of obtaining spu 

5 bypass isolation of sporocysts as such. . ^ mi!:r0C apsule which results from cross- 

■Capsule Wall Material" refers to ^'^.^^V^le cr^sto^Lent. Such material preferably 
linking of the water soluble polymeric stabilizer wrth a surtable cross lining ag 

' aU ^S linking agents- are dealer* ca«ons .me *3£« *"* 

,o aldehydes such as g.utaraldehyde or S —«-' 

-Water soluble polymeric stabilizers' or ™^^^JZ ]ysas ^<i S gums, one or more of 
all refer generally to gels, gelatins, '^^.'f!^^^^^^ <* ™ * 

which are required in the. compositions of** *^££?Z£ % Jns. polyvinyl alcohol, sodium 
high and low viscosity, acaoa, agar, agarose, albumen, obx™., 
ts carboxycellulose and starches. sporozoites and Increase longevity is 

The specific way in which these matenals fund on to „ (viablllty) in suspe nsions of 

not known, however, a suitable viscosity range for prolonging sporozorte stao ry 

this invention is 10CW00 cenfjpoises as measured at about 25 u |e snelli e . s .; calcium 

The term "modified capsule wall" as used herein m* « K .the fc 
alginate, having been formed which has been Mated after ^T^^^ capsul 9 e wall mo difiers 
administration to allow easier escape of sporozolt^ ^ and maSc acid, 

for the alginate system are salts of ™* conjunction with the compositions' 

By the use of the term "physically b* ££ ced J, respect to isotonicity and pH 
herein described is meant the composer* i a^phys „ ^ having osmolalnv in the 
of living cells, the pH being in the range of 6£ to WP™ * B( , „ nysiologlcBl pH and 

range of 260-350 milfosmoles. The suspension of sporozoites are w, physiologically 
oVmotically balanced with respect to living cells. ^^T^S 

balance, tor example, TRIS buffer and HEPES ^ « d"d pensions, should the latter 
The term "suspension" as used herein « cLneter of from 300 to 400 

occur within the microcapsule. Microcapsules (or microspheres) usually 

microns, more usually from 340 to 360 ™ OTn *. . invention may contain sporozoites of a single 
Compositions useful in the vacc.nat.on procedure is required , , selection of 

strain or species of cocddia; however when ^J*£g*£j%£ ^single formulation, 
sporozoites of common strains or species of !^ " ^ anirr^l host species that is prone to 

The invention may be applied to the control of coccid «m " ^ ™™ ^ £ ^ sneep , Doats 
the disease eg. poultry, in addition to the avian ^^J^Z^m invention, 
and rabbfc are afle«ed by the *~dmay tenrt t torn-, * 1h s ^ ^ ^ 

in chickens about seven major species of cocadiai paras ^ E 
duodenum; they are: Emeria acervulina , E rnh*. | Jaxrna k^^^^^^ 
< 0 tene.la. In turkeys. theMg cocddia °^^^^ 0 ^1^J^^ 
g- 5aTlopavonls . E. adenoides , E Innocus and E ?" b ^f- '" " eodet ,| iecldi E . pord. E cerdonls , E 
rbseTvecTirdibiiicW^ 

pojte *1^!*^^?2£T^^ s^p.TheToT&g 
elpsoidalis . E aubumersis , E cyclindnca. g. al abamensi s anoj. — £ ^wate Goats are 

« Sccid^ave-b^erote^ed: E VZgg&ffiJ^ rifiSSnV E mlgr^irreeidua. E 

infected by E arloinge and rabbits are infected by h 2L£ - -» 

periformis , E'sfiedaTE pertormans , E reojepons and E media. 

2 Preparation 1 . Excysted E. tenella Sporozoites In Buffer Solution 
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2 1 General Procedure for Isolating Excysted Sporozoites 

following, in addition microscopic observations was employed from fcme to tjm*. 
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Z2 Obtaining Precursor Sporulated Oocysts 

Coalesced masses of oocysts were isolated by scraping cecal pouches of chickens which had ben 
infected seven days earlier with Bmeria tenella (A. H. Robins strain 855). The cecal cores in distilled water 

s were disrupted in a Waring Blender® and digested with pepsin at pH 2.0 and 39 C tor 1 nr. Debris and 
pepsin were removed by centrifugatlon in distilled water. A partially purified oocyst traction was isolated by 
flotation in 1.1 moiar aqueous sucrose solution. This semi-pure oocyst fraction was incubated in cold 
Chlorox® solution for 15 min at 4* C. The Chlorox® component was removed by washing several times in 
sterile phosphate buffered saline (PBS) at pH 7.3. The resulting purified sterile viable oocysts were 

70 suspended in dichromate solution and then sporulated by shaking in a water bath at 29 C for 48 hr. The 
sporulated oocysts in PBS were stored at 4* C until used in the next step. 



2.3 Excystation of Sporozoites and Buffered Solution Thereof 

75 

A 2 ml suspension of PBS (pH 7.3) as prepared above containing sporulated oocysts, was ground in a 
tissue homogenizer operated at about 500 rpm for 5 min at 4' C. Soluble material resulting from disruption 
of the sporulated oocysts was removed by centrifugation. The pellet obtained, composed of. .unbroken 
oocysts, sporocysts and oocyst shells, was resuspended in excysting solution which contained as excysting 

20 agents: 025% (weightrvolume) trypsin (1250) and 4% (weight/volume) taurodeoxycholic acid (Sigma Go., 
St Louis, Missouri) in Hank's balanced salt solution (pH 7.4). The mixture was incubated in an atmosphere 
of 5% carbon dioxide at 41 ' C for 1 hr. The excysting solution was removed by two washes with stock 
column buffer solution. Column buffer solution for this and subsequent column purification was prepared as 
follows: A stock buffer solution of 2 x phosphate-buffered saiine (2 x PBS, 26.96 a/liter disodium phosphate, 

25 1.56 g/liter disodium phosphate, 8.5 g/Ilter sodium chloride) was used -to prepare a solution 2:8 (vol/vol) 
PBS:H 2 0 of 0.145 ionic (f) strength. 

2.4 Chromatographic Purification of Excysted Sporozoites 

30 

The excysted sporozoites in buffer solution were purified using anion exchange column chromatography 
in specially prepared cellulose (DE-52 cellulose) packed column as described by Schrnatz. ibid, the 
appearance of the solution under the microscope confirming the completeness of the purification. 

DE-52 cellulose anion exchange column packing was prepared by equilibrating pre-swollen Whatman 
35 (England) DE-52 cellulose in proportions of 2.0 g in 150 ml of the 2:8 buffer (1-0.145). After settling, the 
supernatant containing the fines was removed. This washing procedure was repeated twice more and the 
DE-52 cellulose was adjusted to pH = 8.0 with 5% (wtrvol) phosphoric acid prior to the last wash. This 
material was then resuspended in 50 ml of the 2:8 buffer and used to fill the column. 

The columns used to purify excysted sporozoites were sterilized by autociaving prior to filling. Columns 
40 were packed to a height of 2.5 cm with the DE-52 cellulose, as prepared above, and the packing was rinsed 
with 50 ml of 2:8 buffer (1*0.145). 

Freshly excysted sporozoites as prepared above in 2:8 buffer were loaded onto a column loaded with 
2:8 equilibrated DE-52 cellulose, as prepared above. Portions of 2:B buffer were sequentially passBd 
through the column. The portions were collected off the column and the content evaluated and quantified by 
45 hemocytometer under phase microscopy. The suspension of excysted sporozoites in buffered solution thus 
obtained was suitable for adding to solutions containing stabilizers described herein such as sodium 
alginate solutions. 

so 3 Preparation 2. Suspension of Excysted E. tenella Sporozoites in Isotonic Buffered Aqueous 
Sodium Alginate Solution 

The following is a stepwise description of preparation of aiginate-stabilized suspensions of sporozoites 
suitable as vaccine to be used directly or microencapsulated. 

55 

3.1 TRIS Buffer Solution 
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0.1 M solution of TRtS Buffer Fris (hydrow™thyl)aminomethanel was prepared by accurately 
weighing 6.057 g of THIS crystals and diluting with 500 mi of distilled water. 

6 Z2 Buffered Sodium Alginate Solution 

1.5% sodium alginate {low viscosity) solution was prepared by dissolving 7.5 g of sodium alginate in 
500 ml of TRIS buffer prepared above. The solution is cooled to 4* C. 
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3.3 Calf Serum Addition 



Freshly prepared concentrated suspension having Ix10 8 sporozoites in 5 ml of TRIS buffer was 
obtained (from Preparation 1) and 5 vol % fetal calf serum was added and the suspense, was kept at 4 c. 

3.4 Buffered Sporozoite-Alginate Suspension 

The 5 ml of buffered solution containing- the 1x1 0* sporozoites in 5.3.3 above was added to 145 ml of 
the alginate solution prepared in 5.3.2 above with stirring until blending was complete. The suspension of 
sporozoites was then maintained at 4 - C. These proportions wer based on microencapsulation needs in 
Preparation 3 wherein calculations are explained. 

25 4 Preparation 3. Microcapsules Containing Stabilized Excysted E. tenella Sporozoites In Isotonic 
Buffered Aqueous Solution 

The following is a description of the procedure for encapsulating the stabilized suspension of excysted 
sporozoites: 



4.1 Calculations on Volume Ratios 



The proportion of buffered sodium alginate solution to buffered sporozoite suspension used to prepare 
35 the product of Preparation 2 was based on calculation to produce microcapsules of a certain size using the 
formula beiow using the following facts and assumptions: 1} that 5 ml of buffered sporozojte suspense 
contained 1x10* sporozites, 2) that microcapsules of 350 micron diameter would be prepared 3) that it was 
the.aim to have each microcapsule contain 15. sporozoites and 4) that based on the radius of 175 microns 
and the formula for calculating the volume of a sphere (4/3 »r») there would be 44.545 microcapsules per 
40 ml of final alginate solution. 

1 microcap i ml aloinate suspension _ ^^^r.^i 
UiD sporozoites a * MfM microcapsules alginate suspension 



Therefore 145 ml of the alginate solution was added to 5 mi of buffered solution containing the 1x10" 
sporozoites prepared in Preparation 2. 



50 4.2 Preparation of Hardening Bath 



55 



A hardening bath of 1.5% caicium chloride solution was prepared by dissolving 19.63 g of calcium 
chloride dihydrate (76.4% caicium chloride) in 1 liter of distilled water. The osmolality of this soluton was 
about 335 mlliosmoles/kg. 



4.3 Description of Gas Flow Droplet Generator (Jet-Spray Head) 
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The )et spray head us* to finely divide ft. sodium alginate sporozolte suspend was mounted above 
the hardening, bath and perpendicularly lengtiiwise to tta ' ^ J" 1 ™ * conical chamber j». in height x 

The jet-spray head consisted of a housmg having a small top broader end and open 

, 4" .D. at me .op and 1/1 r ID a. ^ *° 

at the narrower end. the chamber havmg a side gas prt an It uqwi ^ ^ 

cp and downward through the length of the chamber so thtf ^ *™ ^ valve was 

the chamber. A pump was used to regulate liquid ^ *J . P 21 gauge x 1 1/2' 

used to control gas flow into the chamber via the sideport. The needle useo was 
syringe needle with e conically shaped tip. 

4.4 Preparation of Microcapsufcs Containing Sporozoites Suspended in Stabilizing Aqueous Solution 

Wrth the bottom end of the Jet-spray head setaboutl* ^ above *e JJ-jBj £ '£S£Z 
alginate suspension from Preparation 2 under c »"^ ^ J, 8 liters per mln, the 

at a flow rate of 0.46 ml/min against a gas flow through the sioe port or & 

Microspheres being blown off into the hardening bath. f ^«^ determine the ■ 
350 micron diameter, using microscopic examinalon «J°™^ SU ^^ nim . The microspheres 
size, by manipufcting the gas flow rate £ *JP-«« ^^^utiLd 135 ml of the starting 150 
immediately hardened on entering the bath. Th.s batch of i ™=™^ s ^ rn l ™ n , ul „ 
ml of sporczoite suspenison described above to give a total of 1x1* m.crocapsules. 

4.5 Washing of Microcapsules with Saline 

The microbes prepared above 
excess calcium chloride was decanted off. The readu* <£™^^*« * «*"" eWoritte 
were resuspended in an equivalent volume of "™^alme. rep eated three times. The 

solution, at 4*C and aHowed to settle a ^^/^ P 4 ^nffl mey were used as vaccine or 
microcapsules in normal saline were then refrigerated at about 4 u urm. y 
modified and used as vaccine as in paragraph 5.9 below. 

4.6 Storage Tests Relative to Viability of Microencapsulated Sporozoites 

The microcapsules as prepared in ,4, in ««^™J££ 1 

was decanted and the microcapsules were resuspenoed in ^"^g^, x mal e chicks. The 

administered subcutaneously in the to be infected with 
chicks were sacrificed 7 and 8 days after adm.n.straton jnd cecal , ol ical| ompattble 

coccdia. It is concluded therefore that microencapsulated by 

medium containing an alginate salt the whole of whrf iM^n * spo o ^ ^ 
crosslinking the alginate with a divalent cation, remained viable for at least wee 



saline at 4 C. 



* U Example 1. Demonstration of Sut-C.in.oa. infection Wth Mloroencapsu.ated and Unencapsu,*. 
ed Sporozoites of EL tenella in Chickens 

A short inaal study affirmed that lowHeve, infection "SL^KS. - 

. excysted sporozohes as obtained in "«^ v l°^?Z?^S^ o, 8 days exposure 
obtained in Preparation 3. Four groups of one-day old chickens were sacmiceu 
a^thet -ere examined for lemons. The study is summanzed .n Table I. 
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TZ 2 were in rep.icates .of 2 floor ^^f^^Vch* per pen. Each group of =h,cks were 

group, 1 and 2. Groups 3 and 4 7%" ^^Ih. «> *» «» - toll0WS: 
individually injected subcutaneously (S.Q.) «n the bae* o 



capsules were those prepared in Preparation 3. 



15 



20 Group £ 



25 



00 



capsules were those prepared in Preparation 3. 

— - -^o,^ live freshly excysted^pororoltes in 0.1 ml 



Group 4: 



35 



40 



Each chick received 0.1 ml of PBS soluton only. £ ^ oocysts . 

Twenty eight days later each chick was ted an saC rlTcedlnd both cecal pouches of 

oToav 34 0.e. 6 days after the oocyst challenge) the ri procedure of Joyce Johnson 

each^kv^ examined for damage »"£?£^a^m « page 31 for E ter»»a 

Sw. Malcolm Reid described in Expenmental Parasrtology _ 

with grading scores appDcable as follows: _ 



Grading Score: 



4S 



50 



ss 



•TS- - numerous - — . « - - — ^ - " 

normal cecal contents present _ ^ micten ed; little H any fecal contents 

* 3 Large amounts of blood or cecal cores present ceca. 

- - -hh blood or large caseous cores; fecal debris lacking or .ncluded m 

+ 4 Cecal walls greatly distended with blood or large case 

cores Dead birds scored as + 4. , emulative results of the test on eacn 

W II summarizes important of me «es^ :m d^hows net ^ ^ ^ ^ 2 « 

group as a percentage of all ^*^^°lZ "skilled in the art. a high pew**"" * e low 
1^^^^- XttZ eftec^ness of the vac^on precede 
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, * i„e* p tenella Coccldia Using Mlcroen- 
oens of 20 chicte each, randomly selected so ** " y tor s 6 lament groups. Groups 1-5 were 

£,■=■■= cr J» 5i - - — — ,— 

follows: 



70 



for each group on day one was as follows. 



Gr0uP 1: , PBS suspension of 1x10 s live 

ml. The microcapsules were prepared by a pros 
average size. 

Group 2: # 
• Sarne as Group , except admin*ra,on was intrap— y W ■> chic* « 3 "~ 



20 



25 



30 



Gr ° UP 3: , Tft£ PBS suspension was administered S.Q. to 

Freshly prepared 1x10* excysted E tenella sporozoltes - PBS susp 
chicks in 3 pens (0.1 ml). 



Sr0UP4: • * SDO rczoHes was administered intraperitoneal »o chicKs in 3 

Same as group 3. except suspens.cn of sporozoltes was 

35 pens (0.1 ml). 
Group 5: 

0, ml of PBS soiution on.y was administered S.Q-, to chic* In 3 pen, 



00 



45 



50 



55 



Three pens of chicks were Kept isolated. » of 50.000 E. tenella oocysts. 

Twenty seven days later each chick ^^ d .^f c S were sacrrfiFed-SnTtoth cecal pouches of 
On dTy 33 (= 6 days after the oocyst scorinD procedure of Joyce Johnson and W. 

..'rh chick were examined for damage to the ceca. ™ 

Scorn Reid described in Example 2 herein cumuUjtjve re8U teof the test on each 
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Example 4. Stabilizing Effect at Sodium Alginate on E. tenelte Sporozoltes 

To 200 ml of a 1.5% solution of sodium alginate (low viscosity) was added 1 ml of e freshly prepared 
suspension tevL 10«-10> sporozoriesmtl in THIS buffered solution containing caff serum as preparec I in 
par 5?3 so r» give a suspension of 5.000 excysted sporozoites/ml. After 14 oays storage at 4 C 
cwcks viere in^cted per cloacal with 0J> ml (1000 sporozoltes) of the suspense. Infective abrtjty was M 
p^entTZ^examinaton of cecal pouches for lesions) whereas sporozoltes ,n THIS buffer 
containing catf serum had no infective ability after 14 days storage at 4 C. 

Example 5. Vaccination Potential Us.ng Microcapsu.es Having Capsule Wall Modified with Citrate 

Microcapsules prepared from alginate as in paragraph 5.4, supra, 
and storedat 4*C tor periods of time up to 5 weeks were mixed with a 1.5% aqueous sodium citrate 
"'ution * P H 72 £ a'period of «me of i-2 minutes. Using a microscope, liberation 
ob«rved The suspension so treated, when administered subcutaneously to newly hatched chicks is 
S'^v S innocu^on against E. teneja oocyst chaHenge compare, J to the unmodified 
Sapsules due to greater efficiency and speed- 0 f sporozohe release from the microcapsule. 

Claims 

1 A composition for vaccinating warm-blooded animals against coccidiosis disease comprising an 

viscosity enhancing polymenc stabiliser. «.„„•,«,, Fimeria isnella. 

2. A composition as claimed in Claim 1 wherein the sporozortes are of fte species Bmenatenel^ 
3 A composition as claimed in Claim 1 or 2 wherein the water-soluble viscosity enhancing polmenc 

^V^HEttSSZ to 3 where* the water-soiuble — 
polymeric staolfoer is sodium alginate and the suspension of live sporozortes are optional* microen- 

capsulated by calcium alginate. 

5. A vaccine comprising microencapsulated excysted coccidial sporozoltes. . 

6 A vaccine as claimed in Claim 5 wherein the sporozoites are Bmeria sporozoltes. 

7. A ?aSne as claimed in Claim 5 or 6 wherein the sporozoltes are microencapsulated by a hardened 

^.Tv^Tclaimed in any o, Oaims 5 to 7 wherein the sporozoltes are encapsulated by a 
hydrosol, gel, gelatin, cellulose, cellulose derivative, polysaccharide gum or alginate. rnmnrl5 . 

9 A veterinary composition for vaccinating 'warm-blooded animals against cocad.os.s disease compris- 
ing I -p-n-o" - *• c r Ms rT^ n Z'Z B ^ 

physiologically balanced with resect to isotonidty and pH, and containing at least one water-soluble 
viscosity enhancing polymeric stabilizer; and a veterinarily acceptable earner. _ 

I A composite? aVclaimed in Claim 9 wherein the sporozoltes are of the specks Bmena tenella. 
!"aX Tomposftion comprising microencapsulated excysted cocadia! sporozoltes and a 

" co^SonT^med in Claim 1 1 wherein the sporozoltes are Bmeria .porozoites. 

Is ThTuTof o^ionally microencapsulated coccidial sporozoltes and at least one water-soluble 
viscosity enhancing polymeric stabilizer in the preparation of a vicariating agent ^ dnatir ,„ 

ir-The use of microencapsulated excysted coccidial sporozoltes in the preparat.cn of a vaccmatmg 

^5. The use as claimed in Claim 14 wherein the sporozoltes are Bmeria sporozoltes. 



Claims for the following Contracting States: ES, QR 
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is 
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e-nrazoites and containing at least one water- 
1 The use of optionally microencapsulated cocciai p° 

e vaccinating agent 

soluble viscosity enhancing polymeric *^"%J^ n «t»W^G^M 

2 . The use as Calmed in CUm 1 water-solubte visco^nhancing P«^-* 

3 The use as claimed in Claims 1 or 2 wherem m harj(ie gum or a | g ,nate. 

stab ir^s a hydrosol. B e.. gelatin. cel^ose -''f ^nte «aterUb.e polymeric stably is sodium 

4 The use as claimed in any of cla.ms 1 to 3 wne <• mlcroencapsU iated by calcium alg.nate. 

r-rr-Tr:r--=r"=r- ~~ - • — - — • 

8 The use as claimed in Claim 6 or 7 wnerem K 
water' soluble polymer. ^ ^ sporo zoite 5 are encapsulated by a hydrosol. 

- ^ItmoT^^^ P^.?;^ administered to a chidcen. 
SBL EE C utas claimed in an, of Claims6 » ^ ^^0^ are 0, the spades Bmena 
11 The use as claimed in any of claims 6 to 10 wn 

• warm-blooded animals against 
=§ A process for me preparation 0, compos«on for *«- ? -arm ^^^^ 
coccus di ease comprising admixing a *>»^££Z% produce a physiologically balanced 
STon. water-soluble viscosity enhancing ^ „ optionally ™~ s ^ ted - 

preparation with respect to isotonicity and £^?»on«*- m 0 f the species Bmena 22*. 

>/ A ^rrSe'pS rrrsp^, * „— — — - 

^process as d*med in Claim 1 4 wherein the settee are Bmeria spores. 
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